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ABSTRACT: A technique for preparing a glue layer destined
for use in bonding gold to a substrate involves depositing a
gold-transition metal alloy upon a substrate member by
cathodic sputtering techniques.
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PREPARATION OF GLUE LAYER FOR BONDING GOLD
TO A SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a technique for the preparation of a
glue layer destined for use in the fabrication of thin film cir-
cuits. More particularly, the present invention relates to a
technique for the preparation of a glue layer suitable for bond-
ing gold to a substrate.

2. Description of the Prior Art

In the fabrication of thin film circuits, it has been the prac-
tice of many workers in the art to employ gold as the intercon-
nection material between components of the circuit. This
selection is predicated primarily upon the fact that gold
manifests superior oxidation resistance and is ideally suited for
beam lead and thermocompression bonding techniques. How-
ever, gold does not readily adhere to the glass and ceramic
substrates ordinarily employed in the manufacture of such cir-
cuits. Accordingly, the need for a satisfactory glue layer for
bonding gold to the substrates of interest has long been recog-
nized. ’

Heretofore, this end has been attained by depositing a thin
film of an active metal such as titanium, chromium or
Nichrome upon the substrate surface prior to the deposition of
the gold, the active metal serving as the glue layer. Unfortu-
nately, this approach has not proven to be entirely satisfactory
in that during the lifetime of the circuit several adverse effects
occur. More specifically, it has been found that the active
metal interdiffuses into the gold, so resulting in a degradation
of the conductivity of the gold and the concomitant degrada-
tion in adhesion of the glue layer to the substrate. Addi-
tionally, pin holes in the gold layer permit access to the active
metal by gaseous materials which lead to corrosion effects in
the galvanic cell formed at the gold-active metal interface.

SUMMARY OF THE INVENTION

In accordance with the present invention, these prior art
limitations are effectively minimized by utilizing a glue layer
comprising a gold-transition metal alloy. Briefly, the subject
invention involves depositing a gold-transition metal alloy
upon a selected substrate by sputtering techniques prior to
deposition of the gold interconnection material thereon, the
transition metal being selected from among vanadium and

- chromium. The resultant glue layers have been found to result
in a circuit manifesting lower conductivity degradation and
lower adhesion losses in the gold interconnection material
than that evidenced by any of the prior art circuits.

BRIEF DESCRIPTION OF THE DRAWING

The invention will be more readily understood by reference
to the following detailed description taken in conjunction with
the accompanying drawing, wherein:

FIG. 1 s a front elevational view of an apparatus suitable for
depositing the glue layers of the invention; and

FIG. 2 is a front elevational view in cross section of a sub-
strate bearing a gold-transition metal alloy glue layer prepared
in accordance with the present invention.

DETAILED DESCRIPTION

For purposes of exposition, the present invention has been
described largely in terms of getter sputtering. However, it will
be appreciated by those skilled in the art that such description
is merely illustrative in nature rather than limiting and any
sputtering procedure and set of known operating parameters
may be employed (see “Vacuum Deposition of Thin Films,”
L. Holland, J. Wiley & Sons, Inc., New York, 1956).

With reference now to FIG. 1 there is shown a typical ap-
paratus suitable for sputtering glue layers in accordance with
the present invention. Shown in the Figure is vacuum chamber
21 provided with an outlet 22 for connection to a vacuum
pump (not shown). Shown disposed within chamber 21 is an
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anode member 23 which defines a space gradient in an area
substantially surrounding cathode 24 which is supported
thereby and electrically insulated therefrom by insulator 25.
Cathode 24 is comprised of the gold-transition metal alloy
which is required to be deposited upon substrate or workpiece
26 supported on work table 27, workpiece 26 being situated at
a point opposite cathode 24 within the noted space gradient.
Inlet 28 is provided for introducing an inert gas into the
volume defined by the intercept of the plane of said cathode
and said space gradient. Cathode 24 is connected to the nega-
tive pole 29 of a direct current high voltage supply, the posi-
tive pole of which is connected as at 30 to anode 23 and to
ground.

As indicated, the cathode selected for use in preparing the
glue layer of interest is an alloy of gold and vanadium or
chromium.

The alloys employed herein are gold rich alloys containing
from 10 to 20 percent by weight of the active metal element
when said element is vanadium and from 10 to 25 percent by
weight when said element is chromium, such range being
found to avoid the formation of intermediate phases which
occur after the deposition of an overlying gold layer and adhe-
sion deficiencies. Studies have revealed that the use of less
than 10 percent by weight of active metal fails to provide the
required degree of adhesion for the overlying gold layer,
whereas alloys containing greater than the noted maxima, by
weight, of active metal element tend to lead to the formation
of the deleterious intermediate phases, such being attributed
to diffusion phenomena.

The active or transition metal elements found suitable in the
practice of the present invention are chromium and vanadium.
The alloys of interest are obtained in accordance with any
known metallurgical preparative technique.

The present invention may conveniently be described in
detail by reference to an illustrative example in which a gold-
transition metal alloy is employed as the cathode in an ap-
paratus similar to that shown in FIG. 1.

Initially, the vacuum chamber is evacuated and a partial
pressure of a nonoxidizing or nonreactive has as for example
hydrogen or any of the members of the rare gas family such as
helium, argon or neon introduced into the chamber. After the
required pressure is attained, cathode 24 is made electrically
negative with respect to anode 23. By employing a proper
voltage, pressure and spacing of the various elements within
the vacuum chamber, such being well known to those skilled
in the art, a layer of gold-transition metal alloy is deposited
upon substrate 26. Sputtering is conducted for a period of
time calculated to produce the desired thickness of glue layer
which for the purposes of the present invention ranges from
500 to 1,000 A. The thickness of this layer is not considered
critical and no advantage is realized by the use of films in ex-
cess of 1,000 A. The lower limit of 500 A is dictated solely by
practical considerations. In the cathodic sputtering process
the substrate surface may be heated to temperatures ranging
up to 400° C.

The structure resulting from the process described previ-
ously is shown in FIG. 2 in cross-sectional view. Shown in the
Figure is substrate 41 bearing a layer 42 of a sputtered gold-
transition metal alloy. Also shown in the Figure is a layer of
gold 43 deposited upon the glue layer subsequent to sputtering
for the purpose of defining a structure suitable for use in thin
film circuit applications.

Returning again to a discussion of the illustrative example,
the deposition of the glue layer of interest is followed by a se-
ries of tests designed to determine adhesion characteristics.

Examples of the present invention are described in detail
below. These examples are included merely to aid in the un-
derstanding of the invention and variations may be made by
one skilled in the art without departing from the spirit and
scope of the invention,
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EXAMPLEI

A cathodic sputtering apparatus similar to that shown in
FIG. 1 was employed wherein a Au-25% Cr, 1 inch in diame-
ter, prepared by alloying gold with chromium was used as the
cathode. The anode used included an enveloping nickel can
opened at one end. The substrate was a linch X3 inches glass
microscope slide cleansed by degreasing with isopropyl al-
cohol. The system was initially evacuated by pumping to a
pressure of 10 ' torr. In order to condition the system, pu-
rified argon maintained at a pressure of 70 microns was in-
troduced into the system and sputtering initiated upon a
shutter by applying 1,500 volts to the electrode. Sputtering
was continued for 30 minutes to bring the target to steady
state. Following, the shutter was removed and sputtering con-
tinued for 10 minutes, so yielding a layer of Au-25% Cr, 500
A. in thickness. Coating was terminated by closing the sputter-
ing shield and turning off the sputtering voltage. The
procedure was then repeated 19 times.

An adhesion scratch test was then conducted on the
deposited films utilizing a pneumatically loaded tungsten car-
bide stylus. The stylus was pressed into the film and the sub-
strate translated under it with increasing load until the stylus
removed the film from the substrate surface. It was deter-
mined that this occurred after the application of between 670
and 870 grams on the stylus, For comparative purposes, the
scratch test was run on 20 500 A thick gold films deposited on
a giass substrate. A load within the range of 50 to 100 grams
removed these films.

EXAMPLEII
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The procedure of example I was repeated in employing Au-
20% V as cathode. A load ranging from 620 to 660 grams was
required to remove the films during the operation of the
scratch test.

Conductivity measurements on annealing the two element
thin film composites follow the behavior of the bulk metal ele-
ments. Accordingly, conductivity degradation for the struc-
tures described in examples I and II is less than that for struc-
tures including the pure element as the glue layer since less ac-
tive metal is employed.

It will be appreciated by those skilled in the art that
although the present invention has been described in terms of
gold-chromium and gold-vanadium alloys, other transition
metals could efficaciously serve as the active metal.

I claim:

1. A technique for bonding gold to a substrate which com-
prises depositing a thin film of a gold-transition metal alloy
upon a substrate, said alloy being selected from the group con-
sisting of gold-chromium comprising 10to 25percent by
weight of chromium and gold-vanadium comprising 10to
20percent by weight of vanadium, and depositing a layer of
gold on said alloy.

2. A technique in accordance with the procedure of claim 1
wherein said alloy is deposited by cathodic sputtering
techniques.

3. A method in accordance with the procedure of claim l
wherein said al!oy has a thickness of at least 500 A.

4. A method in accordance with the procedure of claim 1
wherein the substrate is glass substrate.

* * * * *
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